Ten lines were obtained by optical pumping with a conventional COz laser.
S
INCE the discovery of the methyl fluoride (12 CH3 F) optically pumped submillimeter wave (SMMW) laser [ l ] , numerous other laser gases have been discovered. Included among these are two other isotopic forms of methyl fluoride l3 CH3 F [2] and l2 CD3 F [3] . In this paper, SMMW laser action is reported on 10 lines in the additional isotopic form of methyl fluoride l3CD3F.
Several lines produce CW milliwatt-level laser action.
The experimental setup has been previously described [3] . For t h i s experiment, a 90 cm long waveguide of 30 mm diameter and a length-tunable output mirror with a 5 mm outputcoupling hole were used in the SMMW resonator. A maximum of about 14 W CW for the strongest 10 ,um P-branch lines is coupled into the SMMW resonator for optical pumping. The l3 CD3 F gas sample (reported isotopic purity, 90 atm percent D, 90 atm * percent I3C) was obtained from Merck and Company, Inc.
The pump lines and associated SMMW laser wavelengths, measured with a micrometer-tuned diplexer [4] to an estimated accuracy within k0.S pm, are listed in Table I . Two relatively weak additional lines at 206 and 247.5 pm, pumped by the 9P16 and 9R10 COz lines, respectively, were also observed but are not included in Table I . These two SMMW lines were previously found to be very strong in "CD3F [3] and are consequently attributed to the small amount of lZCD3F present in this sample. Two of the pump lines are attributed to the Pbranch transitions of the C 0 2 laser 0l1 1 to 111 O hot band. The question mark following the pump line indicates our uncertainty in accurately distinguishing these two lines with the Optical Engineering spectrum analyzer. Microphone-recorded coincidences between the C02 pump lines and the absorption lines are shown in Fig. 1 . These were useful in determining potential pump lines [5] .
In order to show the effects of isotopic substitution on the positions of the low-lying vibrational levels of methyl fluoride, the fundamental vibrational-mode frequencies of l2 CH3 F, 13CH3F, and l2 CD3 F in the 1000 cm-' region [6] are shown in Fig. 2 . l3 CD3 F is not included in the figure since infrared spectra for this molecule have not yet been reported. Duxbury and Freund [7] were able to perform a partial analysis of the l3 CD3 F v3 -fundamental (C-F stretch) from the main l2 CD3 F J required for a pure rotational transition corresponding to the measured SMMW wavelength, only two lines appear as possible assignments to the v3 parallel band, which is the strongest band overlapping the COz lines. A possible assignment for the 299.5 pm line pumped by the 9P48 is u3 QR(J = 24) for the infrared and QR(J= 24) for the SMMW. The 249.9 pmline pumped by the 10R34 COz line may correspond to v3 QQ(J= 30) for the infrared and QR(J = 29) for the SMMW transition. Possible assignments to other bands for these two lines, however, have not been excluded, The relatively weak v6 and vs perpendicular bands probably account for some lines corresponding to the longer and shorter pump wavelengths, respectively. Assignments of these new lines and analysis of the l3 CD3 F bands will be complicated by the presence of the u3 + 2u3 hot band, combination bands, and line shifts due to the Coriolis interaction between the bands, as in the case of l2 CD3 F [8] . Additionally, the possibility of interband transitions has not been ruled out. The major disadvantage of this gas is its expense; however, by running the laser temporarily sealed off and by cold trapping the gas for repeated usage, we have consumed very little of our original 0.2 1 sample. The strongest 470 pm line is similar in strength to the normal methyl fluoride 496 pm line. This has been verified by testing the gas in the more powerful NASA Goddard Space Flight Center laser [9] . Both the 470 and 326 pm lines fill a current gap of strong lines in the SMMW spectrum, and both provide sufficient CW power (greater than 5 mW, nonoptimized) to be potentially useful as local oscillators [ 101 .
